This study was an outpatient, randomized, double-blind, placebo-controlled trial of a combination amino acid formula (Gabadone) in patients with sleep disorders. Eighteen patients with sleep disorders were randomized to either placebo or active treatment group. Sleep latency and duration of sleep were measured by daily questionnaires. Sleep quality was measured using a visual analog scale. Autonomic nervous system function was measured by heart rate variability analysis using 24-hour electrocardiographic recordings. In the active group, the baseline time to fall asleep was 32.3 minutes, which was reduced to 19.1 after Gabadone administration (P = 0.01, n = 9). In the placebo group, the baseline latency time was 34.8 minutes compared with 33.1 minutes after placebo (P = nonsignificant, n = 9). The difference was statistically significant (P = 0.02). In the active group, the baseline duration of sleep was 5.0 hours (mean), whereas after Gabadone, the duration of sleep increased to 6.83 (P = 0.01, n = 9). In the placebo group, the baseline sleep duration was 7.17 6 7.6 compared with 7.11 6 3.67 after placebo (P = nonsignificant, n = 9). The difference between the active and placebo groups was significant (P = 0.01). Ease of falling asleep, awakenings, and am grogginess improved. Objective measurement of parasympathetic function as measured by 24-hour heart rate variability improved in the active group compared with placebo. An amino acid preparation containing both GABA and 5-hydroxytryptophan reduced time to fall asleep, decreased sleep latency, increased the duration of sleep, and improved quality of sleep.
INTRODUCTION
The management of sleep disorders continues to be a problem, particularly because hypnotic drugs have side effects that are dose-related. 1 The problems associated with hypnotic drugs include abolishment of stage IV sleep, reduction of REM sleep, continued morning grogginess, residual cognitive disorders, tolerance, and long-term dependency. 2, 3 The inherent difficulties with these drugs are magnified by the large number of people that manifest sleep disorders. Alternative medications such as tricyclic antidepressants and antiepileptics are not complicated with dependency issues, but otherwise have a similar side effect profile. Even a small incidence of side effects is important when the population at risk is large.
Certain amino acids are known to influence sleep cycles, including sleep latency and duration of sleep. [4] [5] [6] [7] The use of amino acids to influence sleep cycles has been handicapped by a large dose requirement for individual amino acids, attenuation of response, and potential side effects of large dose amino acids. Accordingly, there is a need for a low-dose amino acid system to modify sleep cycles and provide an alternative to hypnotic and other medications. 1 Targeted Medical Pharma, Inc.;
We have developed an amino acid-based formula that contains 5-hydroxytryptophan, GABA and choline in low dose (termed Gabadone). 5-hydroxytryptophan and GABA acids are known to influence sleep cycles. 5-hydoroxytryptophan, a tryptophan analog, is believed to influence both sleep latency and apneic events. GABA is implicated in improving sleep latency, 8 the time to fall asleep. 9 Choline was added to the preparation because there are indications that choline, like acetylcholine, potentiates bursts of REM sleep while facilitating stage IV sleep. [10] [11] [12] [13] [14] Previous studies have examined the use of these amino acids alone and not in combination.
In this pilot study, we performed a randomized, double-blind, placebo-controlled trial of Gabadone in patients with altered sleep. The primary end points included ability to fall asleep and assessment of sleep quality. 15, 16 In addition, a 24-hour electrocardiographic measurement of heart rate variability was used to objectively assess sleep cycles. 17 
MATERIALS AND METHODS

Study design
Eighteen subjects were randomized to treatment and placebo. Each of the 18 subjects underwent baseline examination to include a sleep study questionnaires and 24-hour electrocardiographic recording. Nine subjects were randomized to a 1-week ingestion of Gabadone, two capsules at bedtime, and nine subjects were randomized to a 1-week ingestion of placebo, two capsules at bedtime. Each morning after ingestion of either active or placebo, the subject filled out sleep questionnaires, including both PSEQ and Leeds Sleep Evaluation Visual Analog formats. On the seventh day, a repeat 24-hour electrocardiographic examination was performed in all 18 subjects. Baseline and day 7 data were analyzed.
Patient selection
Subjects were identified by solicitation of persons interested in taking a formula that may support restful sleep. Inclusion criteria were male and females older than age 18 and younger than age 65 with a history of intermittent nonrestorative sleep.
Patient exclusions were subjects currently taking prescription sleeping medication, subjects who have previously taken Gabadone, patients with known endocrine disease, pregnant or lactating females, and subjects with implanted pacemakers or other implanted electrical devices. Patients were asked to maintain their regular sleep regimen.
Data collection
At baseline, the following measurements were taken: weight, percent body fat, age, sex, Pittsburgh Sleep Quality Index (PSQI-B), and Leeds Sleep Evaluation Visual Analog Scale (LSEQ-B). On each of day one through six, the PSQI and LSEQ were obtained in the morning after awakening. On day seven, the LSEQ and PSQI were filled out and the patient returned to the clinic. The forms were obtained and baseline measurements were repeated.
The day before baseline measurements were taken, a 24-hour electrocardiogram was recorded. On day six, a second 24-hour electrocardiographic recording was begun and completed on day seven.
The Gabadone or placebo was taken at bedtime on days one through seven.
Visual analog scale measurement of sleep quality the leeds sleep evaluation questionnaire
The LSEQ Sleep Valuation Questionnaire has been specifically designed to monitor subjectively perceived changes in sleep duration. The LSEQ consists of a 100-mm visual analog scale. Four factors were measured on each LSEQ, including: 1) falling asleep; 2) quality of sleep; 3) ease of waking from sleep; and 4) behavior after awakening. LSEQ was compared with the subjects' usual sleep pattern. A lower score on the LSEQ indicates better quality of sleep.
Pittsburgh sleep quality index
The PSQI is a validated self-report questionnaire that provides specific sleep-related information and a rating of sleep related factor on a Likert scale. The specific sleep information includes bedtime, rising time, minutes to fall asleep, and actual hours slept.
We also collected the number of awakenings per night. The subjective sleep quality indices included quality of sleep, daytime alertness, nighttime awakenings, respiratory distress, physical discomfort, frequency of dreams, disturbing dreams, perception of snoring, and daytime dysfunction. For each patient, a total Likert score was generated.
The data analyzed from the PSQI included duration of sleep total amount of sleep, sleep efficiency, and subjective sleep quality. On day seven, daytime dysfunction was analyzed.
The subjects were blinded to the nature of the capsule at the time the LSEQ and PSQI questionnaires are administered. The data were entered before the codes were broken.
Holter monitoring
Patients underwent 24-hour electrocardiographic monitoring using a three-lead system. The data were transferred to a Reynold's Medical System Analyzer (Pathfinder). That digitized data were analyzed for arrhythmia and heart rate variability. The heart rate variability was analyzed in both the time and frequency domain. We used methods described in the American Journal of Medicine. Both 24-hour and circadian activation of parasympathetic function were measured.
Gabadone
The amino acid preparation contained choline bitartrate, 5-hydroxytryptophan as griffonia extract, GABA, grape seed extract, hydrolyzed whey protein, valerian extract, ginkgo biloba, glutamic acid, and cocoa. An evening dose of two capsules contained 2000 mg.
Primary study end points were the difference in sleep latency time, duration of sleep, and perceived am grogginess.
RESULTS
Time to fall asleep-sleep latency
The results are tabulated in Table 1 . In the active group, the baseline time to fall asleep was 32.3 minutes, whereas after Gabadone, the time was 19.1 (t = 2.91, P , 0.01, n = 9, Fig. 1 ). In the placebo group, the baseline latency time was 34.8 minutes compared with 33.1 1 week later (P = nonsignificant, n = 9). The difference at day 7 between Gabadone and placebo was statistically significant (P , 0.01).
Hours slept
In the active group, the duration of sleep was 5.00 hours at baseline and increased by day 7 after administration of Gabadone to 6.83 hours (t = -3.14, P , 0.01, n = 9). In the placebo group, the baseline sleep duration was 7.16 compared with 7.11 at day 7 (P = nonsignificant, n = 9). The difference was between groups was statistically significant (P , 0.01).
Ease of falling asleep
The ease of falling asleep was measured using a 100-point visual analog scale. In the active group, the baseline perceived ease of falling asleep 44.4 on a 100-point scale, whereas after taking Gabadone, it was 64.8 (P = 0.02, n = 9). In the placebo group, the baseline was 43 and at day 7 was 54 (P = 0.11, n = 9). The differences were not statistically significant.
Awakenings
Perceived awakenings are associated with apneic events. In the active group, the baseline number of perceived awakenings was 4.3 compared with 2.6 after Gabadone administration (P , 0.01, n = 9). In the placebo group, the baseline awakenings were 2.8 and at day 7 was 3.1 (P = nonsignificant). The difference was statistically significant (P = 0.02, n = 18).
Minutes awake during awakenings
In the active group, the number of minutes during the awakenings was perceived as 21.1 minutes during baseline and 8.3 after Gabadone (P = 0.02, n = 9). In the placebo group, the baseline was 46.9 minutes and at day 7 was 36.7 (P = nonsignificant).
Restorative sleep and AM grogginess
As a measure of restorative sleep, we assessed perceived am grogginess. In the active group, the baseline was 30.6 on a 100-point scale and was 11.1 after Gabadone (P , 0.01, n = 9). In the placebo group, the baseline was 67.8 and 65 after placebo (P = nonsignificant, n = 9). The difference between the two groups was statistically significant. 
Perceived snoring
Perceived snoring is another measure of improved sleep quality. Patients on Gabadone had a 25% reduction in perceived snoring, which was a statistically significant reduction, whereas patients taking placebo noted no significant difference.
Autonomic nervous system function
Assessment of parasympathetic autonomic nervous system function, an objective measure of nighttime autonomic function, showed substantial improvement in patients taking Gabadone when compared with placebo. There were no adverse events reported in either the treatment or placebo groups.
DISCUSSION
The carefully timed activation of the three neurotransmitters-serotonin, acetylcholine, and GABA-is required to initiate sleep, maintain sleep, induce restorative sleep, and increase REM sleep time. [18] [19] [20] [21] [22] [23] [24] [25] If the timing and secretion of these three neurotransmitters are altered, normal sleep cycles and restorative sleep do not occur. For example, the benzodiazepine drugs, including Ambien, reduce sleep latency but abolish phase IV sleep and REM sleep. [26] [27] [28] [29] [30] Serotonin initiates sleep and reduces measured sleep latency (time to fall asleep). [31] [32] [33] [34] [35] [36] The timing of serotonin release is critical to initiation of sleep. The amount of serotonin release is also critical. At the initiation of sleep, a small amount of serotonin is released. The peak concentration of serotonin occurs within several hours after sleep initiation. The failure to produce serotonin, the production of insufficient serotonin, or the production of excessive amounts of serotonin will result in the failure to initiate sleep.
Serotonin function and deficiency is intimately involved in sleep apnea, snoring, REM sleep, and depression associated with sleep disorders. An alteration of the tryptophan/serotonin axis will result in altered sleep patterns. Appropriate production and release of serotonin will ameliorate sleep disorders.
Production of acetylcholine after initiation of sleep results in restorative delta IV sleep. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] After the burst of serotonin that initiates sleep, acetylcholine release increases the duration of phase IV restorative sleep. Acetylcholine production in the sleep centers also increases the frequency and duration of REM episodes. The commonly used hypnotics, including Ambien, abolish phase IV sleep and inhibit REM sleep.
GABA is the main inhibitory neurotransmitter.
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The initiation and maintenance of sleep depends on the availability of GABA to the GABA receptors. The most commonly used drug hypnotics act by sensitizing the GABA receptors. GABA provides general inhibition of the nervous system to allow sleep. Gabadone contains a formula blend of selected GRAS (generally regarded as safe by the US Food and Drug Administration) ingredients that are derived from the normal human food chain. The primary ingredients are key amino acids, the building blocks of proteins. The Gabadone formula is designed to increase the function of the neurotransmitters serotonin, acetylcholine, and GABA in patients with sleep disorders. American Journal of Therapeutics (2009) 0(0) www.americantherapeutics.com
The Gabadone formula is based on a five-component patent pending process to provide for the conversion of a neurotransmitter precursor into a neurotransmitter. The five-component system includes: 1) each neurotransmitter is synthesized from an amino acid precursor; 2) stimulation of the uptake of the neurotransmitter precursor is required to initiate the conversion of a precursor to a neurotransmitter; 3) because most neurons are inhibited from firing, an adenosine antagonist such as and cocoa powder is added to disinhibit the neuron; 4) stimulation of neurons to release a specific neurotransmitter is required; and 5) a system must be used to prevent attenuation of the precursor response, a well-known precursor phenomena. Gabadone has been formulated to encompass this five-component system. Gabadone is designed to produce neurotransmitters related to physiological functions, including initiation of sleep, maintenance of sleep, and reinduction of sleep if awakening occurs during the night. In the Gabadone formulation, choline is used as a precursor to acetylcholine.
53-55 5-hydroxytryptophan, derived from the naturally occurring form known as Griffonia Seed Extract, is used as a precursor to serotonin 31, 56, 57 ; and GABA is directly administered as an inhibitory neurotransmitter. Ginkgo biloba is used as an uptake stimulator. Glutamic acid is used to produce glutamate, a neuronal stimulator. Cocoa is used to disinhibit the adenosine brake. Grape seed extract, containing polyphenols, [58] [59] [60] [61] is used to avoid the attenuation usually associated with neurotransmitter precursor administration. GABA is administered as an inhibitory neurotransmitter. 62 Many sleep disorders are associated with inadequate availability of the key neurotransmitter precursors choline, 5-hydroxytryptophan, and GABA. Determination of the Recommended Dietary Allowance of a dietary ingredient in normal subjects is frequently accomplished by analyzing blood levels of the nutrient in normal subjects. Assessing the nutritional deficiency in the presence of a disease such as a sleep disorder is more complex. US Food and Drug Administration scientists have proposed a physiological methodology to determine the nutritional deficiency during a disease. For example, if a physiological parameter such as sleep latency is measured, administration of the nutrient such as 5-hydroytryptophan resulting in the improvement of the physiological parameter improves such as reduction of sleep latency, you have established the presence of the nutrient deficiency in the disease. These studies indicate that sleep disorders are associated with the nutrient deficiencies of choline, 5-hydroxytryptophan, and GABA.
This study primarily used questionnaire data to assess primary and secondary end points. In addition, analysis of 24-hour electrocardiogram-derived analysis of heart rate variability was also performed. Heart rate variability measured over 24 hours is not altered by placebo. The improvement observed suggests that neurotransmitter function associated with the parasympathetic autonomic nervous system improved.
This pilot study supports the concept that combining neurotransmitter precursors may help in the management of sleep disorders. Larger, randomized trials would appear to be indicated.
